Using standard and internationally validated methods, 86 anthropologic characteristics were determined in 650 male (305 from urban areas and 345 from rural areas) and 704 female (331 from urban areas, 373 from rural areas) Chinese Hakka adults living in Guangdong and Jiangxi. The data were used to calculate 24 anthropologic indices, which were analyzed statistically. The physical characteristics of Hakka subjects were analyzed and compared with reference ethnic data. There were four main findings of this study. First, a small proportion of Hakka adults had an eye fold on the upper eyelid, but a large proportion had a mongoloid fold. The eye slits were narrow in most adults, had a medium nasal root height and straight bridges, and most of the external angles were prominent. The nasal base was upturned in most men. The distributions of the three types of nasal base in women were similar. The proportions of subjects with middle and high alae nasi heights were high and similar. Males with a maximum nostril diameter were mostly classified as transverse and oblique, while many women were classified as transverse and had relatively wide alae nasi. The round lobe type was the most common. Upper lip skin height was mostly classified as medium. Lips were classified as thin. The hair was black, eyes were brown, and the skin was yellowish. Second, the head length was long in male Hakka. The minimum frontal breadth, face breadth, lip height, and interocular breadth were similar to those of North-Asian populations. Meanwhile, head breadth, morphological facial height, nose breadth, mouth breadth, and nose height were similar to those of South-Asian populations. Head length was long in female Hakka. The minimum frontal breadth, face breadth, lip height, and interocular breadth were similar to those of North-Asian populations. Head breadth, nose breadth, and mouth breadth were similar to those of South-Asian populations. Third, the stature of male and female Hakka in urban and rural areas was classified as medium. The proportions of male and female Hakka classified as mesocephaly (length-breadth index of the head), hypsicephalic type, metriocephalic type (breadth-height index of the head) mesorrhiny, long trunk, subbrachyskelic type, broad shoulder breadth, and narrow distance between iliac crests were higher than those of other types. Finally, principal component analyses showed that the physical characteristics of Hakka were between those of South-Asian and North-Asian ethnic populations, but were generally closer to those of North-Asian populations in China.
population of Hakka became established after about 1000 years. Since then, many Hakka have migrated from Meizhou throughout southern China, and worldwide [1] .
The name Hakka was first used by Guangfu Chinese. Hakka was originally used to refer to the third person and was gradually accepted as the ethnic name. Now, many people are proud to call themselves Hakka. The four Hakka states are Meizhou, Ganzhou, Huizhou, and Tingzhou. Meizhou is often referred to as the capital of the global population of Hakka because it has the highest population of Hakka, and many Hakka emigrated from Meizhou. Ganzhou is considered the ancestral home of Hakka, and is known as the "Hakka cradle".
Hakka is one of the seven major Chinese dialects. Hakka dialects were formed as early as the Southern Song Dynasty through the inheritance of many language tones from the five dynasties and Song dynasties.
The Hakka area is divided into "pure" and "impure" Hakka counties. There are 48 pure Hakka counties and cities in regions bordering Guangdong, Fujian, and Jiangxi. Although the total population of Hakka has not been determined, it is estimated that there are about 50 million Hakka worldwide. Although the Hakka population is an important component of Han populations, the anthropologic characteristics of Hakka have not been reported.
Subjects and methods
In May 2011, 86 individual anthropologic factors were determined in 650 male (305 from urban areas, 345 from rural areas) and 704 female (331 from urban areas, 373 from rural areas) Hakka adults living in Meizhou, Guangdong and Ganzhou, Jiangxi. Of the 86 factors, 17 were observed and 69 were measured. Only healthy native Hakka who had lived in the region for more than three generations were enrolled. The subjects were selected using a random sampling method. The study was carried out in strict accordance with the methods described by Martin [2] , "anthropometric methods" [3] , and the "Anthropometric Manual" [4] . Data were statistically analyzed using Excel 2003 and SPSS version 17.0.
We also obtained anthropometric data for 14 factors in 16 North-Asian ethnic groups and 16 South-Asian ethnic groups as well as 11 indices for 11 North-Asian ethnic groups with 19 South-Asian ethnic groups. These factors were compared with those measured in Hakka. As most anthropologic data are collected for ethnic populations in rural regions of China, information obtained in Hakka living in villages was compared with that of other ethnic groups.
Results
The results of the 17 subjectively assessed factors in male and female Hakka are listed in Table 1 . Objectively measured items, corresponding to the dimensions of the head/ facial and body, are shown in Table 2 . The 24 indices derived from objective measurements of the head/facial and body are shown in Table 3 . The distributions of Hakka according to specific head/facial and body indices are shown in Table 4 . Table 5 compares the anthropologic characteristics of Hakka with those of North-Asian and South-Asian ethnic groups. The loading scores for the first three eigenvectors among each of the 28 ethnic groups are presented in Table 6 for males and females separately. Score plots for the first and second principal components are shown in Figures 1-4 .
Among Hakka adults, few had an eye fold on the upper eyelid, but a large proportion had a mongoloid fold. The opening height of eye slit was narrow in most subjects and most had prominent external angles. Nasal root height was classified as medium with straight bridges in the majority of adults. The nasal base was upturned in most men. The distributions of the three types of nasal bases in women were relatively similar. The proportions of subjects with a medium or high alae nasi were relatively high, and were similar. Males with a maximum nostril diameter were frequently classified as transverse and oblique. The majority of females were classified as transverse and they had relatively wide alae nasi. In males, the round lobe type was the most common. Upper lip skin height was mostly classified as medium. Most of the lips were thin, hair was black, the eyes were brown, and the skin was yellowish.
According to the mean values of the head/facial and body indices shown in Table 3 , the subjects were classified into specific types, which are summarized in Table 4 . In terms of head/facial indices, male and female Hakka were of the hypsicephalic (based on the length-height index of the head) and metriocephalic (based on the breadth-height index of the head) types, and generally showed mesoprosopy (based on the morphological face index) and mesorrhiny (based on the height-breadth index of nose). The length-breadth index of the head of females and rural males corresponded to mesocephaly, whereas that of urban males corresponded to brachycephaly. In terms of body indices, males and females had a long trunk, were classified as the subbrachyskelic type, and had a medium shoulder breadth. Men and urban women had a medium chest circumference and a narrow distance between iliac crests, whereas rural women had a broad chest circumference and a medium distance between iliac crests.
Discussion

Physical differences between urban and rural Hakka
In comparisons of urban and rural Hakka of the same sex, the indices were generally higher than or were similar in urban Hakka to rural Hakka. Only the breadth of cresta iliaca breadth was lower in urban females than in rural females. The following indices were greater in urban males than in rural males: head length and breadth; breadths of the five sense organs; facial height; nose height and breadth; stature; length of the lower limbs; chest circumference; skinfold thicknesses of the face, triceps, back, and lower leg; femur breadth; and body weight. Facial breadth, bigonial breadth, mouth breadth, stature, length of the lower limbs, skinfold thickness, and breadth of the femur were greater in urban women than in rural women. Head height, eye and lip indices, ear length, upper-limb length, body/limb circumferences, skinfold thickness, and body breadths were similar between urban and rural Hakka.
Head/facial indices
Based on subjective facial factors, a large proportion of Hakka had a mongoloid fold. The opening height of the eye slit was narrow in most subjects, but a prominent external angle was common. The nasal root height was generally classified as medium with a straight nasal bridge. The nasal base was often upturned and the lips were usually thin. These features are frequently found among Mongolian North-Asian ethnic populations. However, the alae nasi was relatively wide, a common characteristic of South-Asian ethnic populations. In terms of objectively measured factors, the head length of male and female Hakka was generally greater than that of Mongolian North-Asian and South-Asian ethnic populations. However, the minimum frontal breadth, facial breadth, lip height, and interocular breadth were similar to those of North-Asian ethnic populations. Head breadth, morphological facial height, nose breadth, mouth breadth, and nose height of male Hakka were similar to those of South-Asian ethnic groups. The head breadth, nose breadth, and mouth breadth of female Hakka were similar to those of SouthAsian ethnic groups.
The foreheads and faces of Hakka were quite large, but the lip height and interocular breadth were small, similar to those of North-Asian populations. However, the nose and mouth breadths were quite large, consistent with those of South-Asian ethnic populations. Overall, the head and facial features of Hakka subjects were closer to those of NorthAsian populations than South-Asian population.
The zygomaticofrontal, physiognomic facial, and morphological facial indices of male and female Hakka were similar to those of North-Asian ethnic populations. However, the length-breadth index of the head, length-height index of the head, breadth-height index of the head, and height-breadth index of the nose were closer to those of South-Asian than North-Asian ethnic populations. Overall, the head indices of Hakka were closer to those of South-Asian ethnic populations, and their facial index was close to that of North-Asian populations.
Body indices
According to the objectively measured body indices, male and female Hakka living in urban and rural settings were mostly classified as medium height. Stature was between those of North-Asian and South-Asian ethnic populations. Sitting height and shoulder breadth were similar to those of Chinese Mongolia North-Asian ethnic populations. The cresta iliaca breadth was similar to that of South-Asian ethnic populations. Therefore, in terms of objectively measured body indices, the Hakka were closer in appearance to North-Asian than South-Asian ethnic populations.
The stature-cristal index of male Hakka was similar to that of North-Asian ethnic populations, but stature-chest circumference index and Manouvrier's index were closer to those of South-Asian ethnic populations. The stature-weight index was between that of North-Asian and South-Asian ethnic populations. Among Hakka females, the stature-chest circumference index was high, Manouvrier's index was low, and the stature-cristal index was between those of North-Asian and South-Asian ethnic populations. The stature-weight index was closer to that of North-Asian ethnic populations. Overall, these findings indicate that body indices of Hakka were between those of North-Asian and South-Asian ethnic groups.
Principal component analyses of Hakka and Chinese ethnic populations
Thirteen items (head length; head breadth; minimum frontal breadth; face breadth; morphological facial height; nose breadth; nose height; mouth breadth; interocular breadth; stature; sitting height; shoulder breadth; and cresta iliaca breadth) determined in 28 Chinese ethnic populations were included in the principal component analysis. The following ethnic populations (ID number) were evaluated: (1) Hakka, (2) Russia [5] , (3) Uzbek [6] , (4) Uygur [7] , (5) Tajik [8] , (6) Xibe [9] , (7) Tu [10] , (8) Sarah [11] , (9) Baoan [12] , (10) Dongxiang [13] , (11) Hui (Ningxia) [14] , (12) Mongolia (Inner Mongolia) [15] , (13) Daur [16] , (14) Oroqen [17] , (15) Hezhen [18] , (16) Gelao [19] , (17) Yi (Guangxi) [20] , (18) Shui [21] , (19) Lahu [22] , (20) Naxi [23] , (21) Achang [24] , (22) Dong (Guangxi) [25] , (23) Li [26] , (24) Deang [4] , (25) Shes [27] , (26) Wa [28] , (27) Bouyei [29] , and (28) Han (Hainan) [30] . These ID numbers are used in Figures  1-4. 
Males
Principal components (PC)-I, PCII, and PCIII accounted for 40.7%, 13.3%, and 11.2% of the total variance in the model, with a cumulative contribution of 65.1%. Table 6) .
Using PCI and PCII scores as the horizontal and vertical axes, respectively, the 28 ethnic groups could be divided into six groups (Figure 1 ). Groups 1 (Yi, Lahu, and De'ang), 2 (Gelao, Achang, She, and Wa), and 3 (Shui, Dong, Li, and Bouyei) included South-Asian ethnic populations. These groups were characterized by high (or relatively high) PCI values, suggesting short (or relatively short) stature, together with small body and head/facial breadths. Groups 4 (Tajik, Baoan, Dongxiang, Tu, and Lahu), 5 (Russian, Uzbek, Uygur, Mongolia, and Daur), and 6 (Hui [Ningxia] and Hezhe) were mainly composed of North-Asian ethnic populations. These groups were characterized by medium or relatively low PCI values, suggesting medium or relatively tall stature, and large body and head/facial breadths. The PCII values of the South-Asian ethnic populations showed a wide range, indicating marked variations in head length, face height, and nose height. By contrast, the PCII values for the North-Asian ethnic populations were fairly similar. The Hakka population was located close to the interest of the PCI and PCII axes, indicating the characteristics of Hakka are between the other six groups. Accordingly, the physical characteristics of Hakka share some features of or are between those of North-Asian and South-Asian ethnic populations, with a medium stature and body breadth, medium head/facial breadth, and medium head length, face height, and nose height.
When PCI and PCIII were used as the horizontal and vertical axes, respectively, the 28 populations could be divided into five groups (Figure 2 ). Groups 1, 2, and 3 in Figure 1 formed a single group in Figure 2 . The PCIII value of Hakka was relatively high, suggesting that the nose and interocular breadths were relatively large. Hakka were included in a group that also included Bouyei, Han (Hainan), Tu, Baoan, and Dongxiang. Tu, Baoan, and Dongxiang are North-Asian ethnic populations and the physique of Hainan Han is similar to that of North-Asian ethnic populations. Therefore, although the physique of Hakka subjects was between those of South-Asian and North-Asian ethnic populations, it was closer to that of North-Asian ethnic populations.
Females
PCI, PCII, and PCIII accounted for 39.7%, 12.4%, and 11.6% of the variance in the model, respectively, with a cumulative contribution of 63.7%. PCI represented the height and breadth of the body, as well as head/facial breadths. PCII represented nose and interocular breadths. PCIII included head length and nose height. The distribu- (Figures 3 and 4) .
General characteristics of Hakka
The regional distribution of the physical characteristics of various ethnic populations in China has been reported. Zhao et al. [31] proposed that Chinese populations could be divided into two main groups, roughly divided into northern and southern populations, at a latitude of 30°, based on the distribution of blood Gm factors. Zhang et al. [32] also proposed that the modern Chinese population could be divided into northern and southern populations, with the Yangtze River serving as the boundary. Liu et al. [33] also supported this classification of northern and southern populations, but they emphasized that there were some regions of overlap, and there was a trend for a transition from the north to the south. Chinese researchers have compared Hakka and other ethnic populations in China using molecular genetic methods. Li et al. [34] conducted analyses of mitochondrial DNA, which reflects maternal inheritance, to compare the genetic characteristics of Chaoshan, Cantonese, and Hakka in Guangdong with those of Taihang (Henan) and southern indigenous people. They found that Hakka populations frequently mixed with Cantonese and southern indigenous people.
Li et al. [35, 36] compared the molecular genetic characteristics of the modern Han dialect with those of the Min and Hakka dialects. They found that people who spoke the Min dialect originated from northern Han immigrants. Principal components analysis of single nucleotide polymorphisms in the Y chromosome, which reflects paternal inheritance, revealed that speakers of the Hakka and Han dialects showed the greatest similarity. They also noted that Hakka were related to the Shes ethnic population, which used the Miao Yao dialect. The frequency of a 9 bp deletion in the mitochondrial region V, corresponding to maternal inheritance, was 19.7% in Hakka, which was very close to that of Shes but differed from that of Han. Most Hakka are descended from Han in the central region of China, but Shes have the greatest external influence on the characteristics of Hakka. Considering the extensive history of genetic exchange between northern Han and other North-Asian ethnic populations in China, the results of the present study are consistent with those reported by Xiaoyun Li and Hui Li.
In recent years, Jin et al. [37] have conducted extensive analyses of the genomes of >1700 Han individuals living in 26 provinces and cities in China. They found that the structure of the Han population was very complex, and could be broadly divided into northern, southern, and central (Jianghuai and Zhejiang) regions. The isolation, integration, and migration of different populations over the last 1000 years have inevitably led to marked genetic differences among Han individuals living in different regions. Interestingly, the results of the present study indicate that Hakka have retained the physical characteristics of northern Han populations better than the more common southern Han ethnic populations. A possible explanation for this is that Hakka populations have preserved their ethnic customs over time, including marriage within the same ethnicity.
The ancestral home of Hakka was in northern China. After moving south, Hakka tended to live together. Despite having many features of central Chinese culture, they have generally retained the physical characteristics of NorthAsian populations. Inevitably, they have exchanged genes with local populations, mainly Shes, over many years in southern China. The hot and humid climate of southern China in summer has also contributed to changes in diet and working practices. These factors at least partly contribute to the changes in the physique of Hakka, including the increasing resemblance to South-Asian ethnic populations.
